ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

B
.
.
.
Vol.39  No.1C

2018

HhE R B A SRR ST AL E
A4 4 & M B R




w % B 37 539 % 4510 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2018 4£10 A 15 H

H K

T MR T H I S IR R UL FLAEL - eeeeeereemmmmmmmmmmmmes e e e eeeeeeas T, BRCE, MR BIE(4393)
2015 AFEJEHUR T VOCs Bt 28 S0 A B SRR PEAFAE - oveeveeneeeeeeeeeene KA, ZROR, T5, BB, XRB, KAH(4400)
JEHTHTEESIURL VOCs HERRT LG FIEARTTIE B  coveeeeeerreememeneneeees WT4E, @EF, TIRFA, &4 (4408)
FET S SRR A W (VOCs ) i K B I RAE +eveeeeneeeees BEF, WFHE, HE, BE, T/ H(4414)
2014 ~2016 4 SUASEAT LI 25 Ui 25 QRFAE I ooeeeeeeeeeeeeee ERE, B, RAH, #R, FHRE(4422)
LS SCIRES PM, A PM, BHLBRER 53 5 AL BT oo sAR, SR, BAR, TEH, B#(4430)

TR ZACARH X R PM,, P R BALAZHAY BeBRIFIE ZERRAE weeereveeeereemee st
............................................................ JA—wy Ew R REZ, LET, TRE, AW, THEK(4439)

P B H AT R S A TR HE AR P EAG AL v e eree e
................................................... L¥EH, RE, UB8F, Dnp, AEY, AT, B8, KB, 24](4446)
UM T2 AN SRS AR IR ooveeocneeo Tohe, BB, RO, BB, B, 2o, B (457)

%?@*%@Iﬂi{*m{ﬁ%@ﬁii SCR %éﬁl@ﬁi‘& NOX ﬁ[;)ﬁztf%m: ..................................................................
..................................................................... e, WAERE SR, Ry, UM, A, BEE JEFH(4463)
TS XS HE R IR S TB YL THIE <o eeeeevrere e, &g BAK, TM, KHIE(4472)

T PCIEAD EH S R IRFIR A S ML BB A HE S YE AT ++ovveererrrnrerm
................................................................................. Bt B E ki, #x 4 ¥R, BIAE(4479)
AT K E R AR XIS BDUPEERAE  ooeverrrerererrere e KE, HiE, gﬁé;ﬁ’ é%gg(4490)

JREFT K 2R N, O B A g BB B U RTRARTT  vevreermerree e
......................................................... R, BRX, RBEW, RaOE, FEMW, BEMA, BH#ir, Z#K(4497)
B DS W NRRITA] 1% L& WA & 4 311 7 RIS X7, HE, PR, BE, T, HER(4505)
SR X K AT J I 4 T e P TR AL oo B)UF, BB K, IR, REMH, AAK(4512)
I TH L L AR T AT R AT e v vvevmmmmmmenneeeeeeeeeeeetitiii e THE, =M, BIE, %F, K, F4H(4519)
HRYT_E KA T DOM YEREERAE A ZE T AR Y v vererer e WAFEW , 4 , x| , TN ( 4530)
78 TR B P R SRR TR MR S AR TARE ovvveeeeeeeeseseees e ik, ERE, S, #E K (4539)
TR NAIS" O M DX A F i AR TS YT ovvveeevoees B, WTE, BEX, A2E, WH, A, HET(4547)
B W I R K AR A WL GIEARAE - oeeereeeemmmmmm e R, EECK, AR, X B, KE(4556)

BRI G 2 BB XS K F IR R F MR F AT A e vveeerermemneen et
.......................................... ;{%rﬁﬁ%’ ﬂ(gﬁg, %#@%, FiRE, EHR, ﬁ/r‘g;ﬁ, ]s,if\:@;i, JERE ?%3&(4565)
T NS (S BE JTTR A tE] veevvveemmmeenmmeenmneesnee st e et e eiie e WALk, KBE, 222 #EiHE(4576)
AAO T2 A SRR T K P BT DLV Yy BT - ooeeeeenenessnene AR, EEY, BEE, BLE(4584)
U BTS2 PIGBE KA R 5 P B A RIS B v R, RBE, KT, RAK, WA, X%, BAEE(4593)
R B IR 1 P SR B U R B K R IR i -+ U5, 3R, Wmes, MR, A%, Bk & (4601)
R D e U AU LR A S L T oA S B K OB SRR - wiRsk, TR, F#, TE, B (4612)
G T A2/O-BAF S RHLBRBEBLAUEYE -oooveveeoeeeesccnas U, B, B, Bk, REH, RAZK(4621)
0,-BAC JREEALSLA P AT KO RFE B BRESS M AMHT - T, B0, B, & 910, REE, 247, I AHiE(4628)
JEF MBR AR R AL B0 BUE IR AEHIIIT oooveveenenecenneens ZW, KT, K, AR, 5P (4636)

3 RN T 20040 T UG 15 U8 B LS K R A C I P 5 Vo PR LR PR BE B EEII +ovvereeneen e,
.................................................................................... B, BAOL, KA, T, BEE, F/NME(4644)
TR R IE RS TS T ISR S S RN U B BB AILAR  oeeeeemeeeemeeeenens Kart, HH, FHE, Maksi, B (4653)
AL PTG V8 SRS AP ERE R DR 3 BT MBI cooveeeeemeeenmseece Wk, e, R, A, ®E(4661)
B AR 32 X S T R I 2 AR S VG YUMo W=, VPRHEL, KA, EHL(4670)
SR X T 225 TR (L7 S TG YDA oo Bk, Kk, WES, BE, SRR, TH(4684)
FEFF 5 (AR O AT 3 - 39630 3 PRI -+ oo BE, B, RER, REE, BRE, FH(4694)
R B LG H AT 521 3 s NH, 45 % AN, OHERUIK R - W, SRS, g, ik, HER, TIM, FE(4705)

T D ST R K S A o 4 T A3 Al e ] YA AT WL S AT AN ELI] v vvvvvvnmmnneneneeeeeeeeneeneiiiiiian s e e
.................................................................................... BYE, &k, T5m, AWK, £, £E4717)
KA R AR R E AL A TR TR BE LM evveeerereen e, IH, TEE, aEH, BELEE(4727)
SRV A ) ST L &t RIUROE BRI R AT - oeeveeeeeeee W, TR, i, REE, A8 (4735)
117 1 B HCPE BT IR AT BRI AL oo BRERE, WAL, RTF, A (4744)
FIRATHUI AT BRI L5 YR oo ATk, B, Fh, BTN, WAk, BRE(4752)
TR AN MR K A SRR s g - F I E, X, Aboubacar Younoussa Camara, A& #, T3 2058 (4759)
B K E YRR TS YIS TR oo ooveovveemmeemmeeeenseeenee s Wik, Heee, KED, Tx, KA, FH#(4766)
AL RO IR A G As () BSEARAE I coeeeeeeenineneenieenens M, A, F TR, KAk, HEW, THR(47T8)

RS VLV 1 R s L TR R A R S B I 1 7 5 A B R IR oo
........................................................................ MER, mEE, FERA, EIRE, RIE s s K5 (4783)

1 Bkt Eh T F2 A -1 E S AL T Zobellella sp. B307 RS R B R weeverermmree e
....................................................................................... Bk, WRIk, EE, AR, RWE, 2 HK4793)

1 *ﬂg%ﬂ%‘}% KY123915 E(Jﬁ}.%?&/ﬁ\xd- 173_%:@;#”;%%4%1@ .....................................................................
.............................................................................. REH, MK, W=, HEE heT, HEW(4802)
SR AT T LA TIRHOERE BV E DR IR ovovveeeeoennocnnns EHE, A, F8, T, HRIE(4809)
KT 5 2 BT B S RE S S RS oo EHE, BAW, FIFE, KK, HEA, T8 FEL, KEF(4817)
DEP AP U540 LA R (I DNA 17 oooveoeeeeeeeene FAX, FR, KE, REAR, T4k, 8L, TE(485)
He 3 B R A B R ) P R BE A B AT AT v vvvrrmrrrrrneer e B, Ui (4834)

(AERIEYAETT R 2 (4429) CARBERE ) AE e 177 0 (4471) = (4529, 4777, 4816)



o539 B4 10 ) 7 1% Bl 2 Vol. 39, No. 10
2018 10 A ENVIRONMENTAL SCIENCE Oct. ,2018

KB ARREEN RS X AT FERZN

T, BRI, AFY, Wk

(PHRRAFEIRIREE e, K 400715)

HE. 2R EIH (Comammox Nitrospira ) W) & BUVIR BAE T X HEGEiE AL VE AT, FoAE A oy s Bk Ak 24 EAGER vl BEHL
AREZRIEM, IR IO R A TR s, e 5204 TE 209 TAE LAl Comammox Nitrospira TEA A £ 75 R 58
SR ﬁiﬁ%iﬁﬂ?@ﬁﬁﬁﬁéﬁﬁﬁ%ﬁ 130 FH Y 3 A T i T e Y KR 2, 230 9 X BR2H (blank control) LI JIT &
(NPK) | il (1. SNPKS) 2b B+ 3, JEATRS AL R AU E W R R AL A R A 2. 255K 0] (D 3 Rt Al &
ﬂl@iﬁ%ﬂlﬂi’/ﬁmﬂﬂﬁﬁgéﬁiéﬁﬁ’] Comammox , Vis-a A(Clade A) EFE( Uﬂtiﬁ’, TH)%%‘J?’U 9.0 x 10’ VL7 x 10° V7.2 %
10% copies-g™", T4 B(Clade B) 4TI 4 1.5 x 107, 1.2 x 107, 1.7 x 107 copies-g~'. @ 3 Fjfi it L3 b AOA EEH
1.5x107 ~1.2 x 10® copies+g™", AOB F 434 2.0 x10° ~9.3 x 107 copies-g™", KT Comammox FJF | M AR SMT
Comammox FJF 5 AOA | AOB B B &K, 2358 7.2, 524. 4. (D Comammox Clade A 5 Comammox Clade B i (8 Bifijii
e i, FLECEAKCR 6.1, 14.4 43, 1. @ NPK, 1. SNPKS Bl N AU AT 2R e A i 43 A EEH000
SRR 1.9, 8.0 1%, A G E (AOA) 352 XTI 3.2, 7.2 1%, RALANE (AOB) L X M4 B 25 50 hn 2 A %k
Gt AR B BEREAL HEIE TR K s (AN AL X 03 5 B AR EERIIC R0 A ZE R W] Comammox ™2 735 F

Lok F, AR EFEEY AOA, AOB &, I Comammox 1R A E7E H 4% ﬁJJ@aiE’Jﬁ#MM/E}ﬂ'#ﬁ ;Em@(

JKFG L H Comammox Lk Comammox Clade A A F. Fa
KRR AE; WAL KAt EAEA R, JIZEE#J'@Z? AT %%%’f\’ﬁﬂzéﬁi%(tomammox Nztrospzra) .
FESES, X172 SCEARRE, A izzﬁ«; 0250- 3301(2018)10 4727-08  DOI: 10/ 13227/j. hikx. 201802032 ..,-f'

Long term Fertilization Effects on ‘the Abundance of Complete Ammoma

Oxidizing’ Bacterla( Comam'”mox/ Ntfrospzra) in a Neutral I*addy Soil - &

WANG Mei, AWANG Zhi- hui, SHI Xlao-Jun JIANG Xlan—Jun & A -\ ; ’
( Collége of Resources “and Environment, Southwest Uvaersny, Chongqing 400715, thma)

Abstpact IThe dlscovery of the complete ammonja- 0X1dlzlng microbes, Comammox Nztrospzra had fundamentally changed our
perspective on traditional nitrification. The migrobe also play&d a,_.ffotentlally under-appreciated role in the biogeochemical N cycle and
provided alnew dimension for the research of “nitrification™To investigate the abundance of Comammox in different ecosystems was
urgently sreeded. In the present study, three treatments with different quantities of fertilization in a paddy soil (blank control, NPK and
1.5 NPKS) to investigate the nitrification and amoA gene abundance for nitrifying microorganisms, especially for the complete ammonia
oxidizing bacteria ( Comammox Nitrospira). The results showed that; @ Both Comammox Clade A and Comammox Clade B were
detected in all three treatments, and the abundance of Comammox Clade A were 9.0 x 107, 1.7 x 10*, 7.2 x 10® copies-g™" (dry
soil) , respectively, and for Comammox Clade B were 1.5 x 107, 1.2 x 107, 1.7 x 107 copies+-g™" (dry soil), respectively. @ The
abundances of both ammonia-oxidizing archaea (AOA)in the three fertilizers was 1.5 x 107-1. 2 x 10* copies-g ™" (dry soil), and the
ammonia-oxidizing bacteria (AOB) in the three fertilizers was 2. 0 x 10°-9. 3 x 107 copies+g~' (dry soil) , lower than the abundance of
the Comammox. The ratio of Comammox to AOA was 7.2, and the ratio for Comammox to AOB was 524. 4 for blank control, were
greater than NPK and 1.5 NPKS treatments. 3 The ratio of Comammox Clade A to Comammox Clade B showed an increasing trend
with the increase in fertilizer application, at 6. 1, 14.4 and 43. 1, respectively. @ For NPK and 1. 5 NPKS treatments, Comammox
Clade A amoA gene copies were 1.9 and 8. 0 times higher than that of the blank control treatment respectively, and the numbers for
AOA significantly increased to 3.2 and 7. 2 times that of the blank control. The AOB gene copy numbers increased by two orders of
magnitude compared with the blank control. In addition, the nitrification potential increased with the increase in N fertilizer
application; however, the effects of different fertilizer treatments on Comammox Clade B were not significant. Results indicated that
Comammox was widely distributed in the neutral purple paddy soil and was higher in abundance than AOA or AOB, which implied that
Comammox-especially Clade A-may contribute to the nitrification of paddy soil.

Key words :nitrogen cycle; nitrification; paddy soil; ammonia-oxidizing microorganism; nitrite-oxidizing bacteria; complete ammonia

oxidizing bacteria( Comammox Nitrospira)
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g, HLE5 I W oRaX 3 Fh AU it FH 2 02 F 1 A
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?‘EZ@WTH@HE A4 X%F BR 4 ( blank control ) | i B jiti AE
(NPK) | (1. SNPKS) iX 3 fﬁFKIﬂﬁﬁHEgE’J
Z\zikﬂﬁﬁii%%, 1 1 S 26 E i PCR B AR 40 #r
AT | E A T R e R A A A R X
AN AE S o 7, DA Sk afE— 25 7E - R BT o
FF B AR 57 B 2 SR

1 #Rl5RFZE

L1 1%
SRR AP R OR e K K R 1
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B m RS R BINH KRR QR AT AR
171 B F) P 55 K A L

AW R 3 A1 b By (3R 1)+ blank
control (At AEX FE41) . NPK ., 1. 5NPKS§1'5 'NPK
+KREREFE) L o NAEWIRZE, PRk i B,
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x,mmﬁﬁ%ﬂ$¢%%ﬁmﬁA KA 5z
0 609% 00 N R 4T P . K AR LA 40%
N B AT BERE. 1991 ~ 2017 4F — 14 5% RS- 46
TE.
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ANX TR K (120 m* ), BORE/NX 35454 3 A4S X 38,
B3 WIRE AR, A XIER 4 m x5 m FEJ7 10K Z
- LR B R ) B
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Table 1  Basic physical and chemical properties of fertilizer treatments

T H pH AL/ g kg ™! SR /g kg B/ mg kg ™! A/ mg kg ™!
X IR H 7.9 8.4 1.1 9.2 3.2
NPK 7.2 12.5 1.5 18.6 4.2
1. 5SNPKS 7.0 17.3 1.8 23.6 4.0
1.2 BT I A B 2 o
RAERFRI S 2017 4F 12 A, #EH0 ~20 em )2 1.2.1  fb2E0dr ik

TIPS, LRERIG, KPR R 5%
AT, MR . — R LRI £0d 2 em
i J 3z B BEAT SRR AL A9 I 2 FI 1 3 DNA A2
B, 55— M AT B i 0. 25 mm . 1 mm i T

FHEpH T 12,5 FAKH AT, mm@%
1 LE 438 4220 be (MR- $E R 2 U R

Lﬁ,¢ﬁ)ﬁﬁm%;i%ﬁmﬁ%mi%%%
FEEIE,; SRR EGE YR 5w
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BEMEASRYIR AR B0 E (AA3 2 H 3l

SRR AN M AL, SEAL Analitical, T2 E). BT A £
rnAEE 3 IRER.
il A S5 2 e 2 an 3 r A (B TR SR ) T

Ve, BRI 15 g 81T 250 mL =fifitd, fn
A 100 ml AR FE (1.5 mL 0.2 mol-L™
KH,PO,, 3.5 mL 0.2 mol-L~' K,HPO, 5 15 mL
0.05 mol-L~' (NH,),S0, | 1 L &k, RIFH
H,S0,/NaOH #8 % pH 7.2) , FHAF S LAY B 22 5
BiEE TR 4 EPRP 24 h(200 remin~', 25C),
FHF2.4.22 24 h PUEERIENO, -N& & gL
W A K I E SR - e NO N R, 2 IR
. DSEFRA ] R AL BR, NO, -N &5 i AR AR,
SRHERRR, B33 mg- (kg-d) 7' ].
1.2.2 Ex PCR 4HT

HG, K FastDNA® SPIN Kit for Soil ( MP
Biomedicals, LLC){F & . F4i50 & e VE Ui B 42
H S 90 3 DNA, I T — 20°C fR-A7 77l B
Ja, SR F S U6 R i PCR ¥ 7F QudntStu}iio"‘“ﬁ
Flex % & PCR 1)( ( Thermo Fisher Smentlflc

Singapore ) il & Z A LA 7 (AOB) | & E At TE
(AOA) M 4 4 %A AL B Comammox Clade A A
Clade B amoA Ft [N 4 #5 Il %¢. AOB, AOA,
Comammox Clade A, Comammox Clade B Y amoA %t
A PCR BT 9 M 51 9 W3k 2. AOB, AOA
Comammox Clade A . Comammox Clade B FY amoA %t
RE i PCR A ORI R 20 pl, FE2ALE .
FEY B DNA 1 pl, L F5149 K% ROX Yekl4
0.4 pL, Tag DNA A0 10 wL, KEE/K 7.8 plL.
AOA amoA RN 5E & PCR ¥4 4444 K. 95°C, 1.5
min; 40 x (95°C, 30 s; 55°C, 45 s; 72°C, 45 s with
plate read) ; Melt curve 60.0°C to 95.0°C ,
0.5°C, 0: 05 + plate read. AOB ¥ #4554~ . 95°C
3.0 min; 38 X (95°C, 30 s; 60°C,
read ) ; Melt curve 60.0C to 95.0°C,
0.5°C, 0: 05 + plate read. Comammox Cl'éldé A,
Comammox Clade B By amoA 3£ KH & PG-K Elgf‘ ft"‘

F920: 95°C,370 min; 45 x (95°C, 30 s; 52°c 45
s; 72°C, 1 min with plate ‘read ) ; Melt curve “60. OOC
to 95.0°C, 1ncrement 0.5C, 0. 05 + pldte vead”

increment

1. 5 min with plate

increment

&2 AOB, AOA Comammox Clade Az Comammox Clade B amoA Elﬁ.ﬁ’]%l%}" 5l

Table 2 Primers for AOB AOé,, Co_gn'ammox Clade A, and Comammnx Clade B J!amoA' gene%

g ) szl (587 ¥,

Tk

&

A AOB. amoA E

B AOA amoX JEI

*

amoA-1T (cccmncmcmcmcu i Al ; [2(')}
amoA-2R ( L(JCCTCKGSAAAGCCTTCTTC) 4 -

Arch- dIl’lOAF( STAAT(]GTCTG(JCTTACAC(J
Arch-amoAR ¢ CCCGCCATCCAJ‘CT(;TATCT)

[21]

Comamniox Clade A amoA A

Comammox Clade B amoA 3& [

comaA-244f"a TALAACTGGGTC-AACTA
comaA-244f_b TATAACTGGGTGAACTA
comaA-244f_c TACAATTGGGTGAACTA
comaA-244f_d TACAACTGGGTCAACTA
comaA-244f e TACAACTGGGTCAATTA
comaA-244f_f TATAACTGGGTCAATTA

comaB-244f a TAYTTCTGGACGTTCTA
comaB-244f b TAYTTCTGGACATTCTA
comaB-244f ¢ TACTTCTGGACTTTCTA
comaB-244f_d TAYTTCTGGACGTTTTA
comaB-244f e TAYTTCTGGACATTTTA
comaB-244f_{f TACTTCTGGACCTTCTA

comaA-659r_a AGATCATGGTGCTATG
comaA-659r_b AAATCATGGTGCTATG
comaA-659r_c AGATCATGGTGCTGTG

comaA-659r_d AAATCATGGTGCTGTG

comaA-659r_e AGATCATCGTGCTGTG
comaA-659r_f AAATCATCGTGCTGTG

comaB-659r_a ARATCCAGACGGTGTG
comaB-659r_b ARATCCAAACGGTGTG
comaB-659r_c¢c ARATCCAGACAGTGTG
comaB-659r_d ARATCCAAACAGTGTG
comaB-659r_e AGATCCAGACTGTGTG
comaB-659r_f AGATCCAAACAGTGTG

[22]

[22]

HATAA LB R IR H S 0 & H R 1 e
%%, ﬁfﬁt?ﬂ]ﬁ( MiniBEST Plasmid Purification Kit)
UL BRI, AL BURLIS , B SR BRI T U 56
IE, #RJ5 7 NanoDrop® ND-1000 UV-Vis 430606
T EDE BB A v B2, O TR H A R g $5 D
K. )R M TE SErhis ol BORLE SR 6 ~ 8 B
JELLHIAE & & PCR BYARMERT 2. b, B AT B
Comammox Clade A 57 KL J1 Bt 4: TTATAACTGG
GTGAACTATCGACAACCGTTTGGAGCAACCATAAC C

ATTCTGGCACTCCTCGCAGGAAAGTGGGTCACGGTTA
TTGCCGCTTGGTGGTGGTGGTCCAACTATCCGTATAA
CTTCGTCATGCCCGCCACTTTGCTCCCCAGCGCATTG
GTCATGGACATCGTTCTGTTGCTGACCCGAAGCTGGG
TGACCACAGCGGTGGTTGGAGCATGGCTGTTCGCAG
CGCTGTTCTACCCGACCAACTGGGCTTTATTCGGGTA
CAGCAAGACACCGATCGTCGTGGATGGGACACTGCT
CTCTTGGGCCGACTATATGGGCTTCGTGTATGTCCGT
ACCGGAACCCCTGAATATATCCGGCTGATCGAGGTG
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GGGTCACTTCGCACGTTCGGCGGACACAGCACGATG
ATCT; BF 89 Comammox Clade B Jit i / Bt 4.
AAATCCAGACGGTGTGTATGCCGAACGTACGAAGCG
ATCCCACCTCGATGATCCGGATATACTCAGGCGTCC
CGGTACGAACATACGTAAACCCCATGTAGTCGGCCA
GCGAGAGAAGCTGACCGTCGACCACCAACGGTTGG
TGGCTATATCCGAAGAGAGCATATTGCGTTGGATTA
AACATCATTGCGAATGCCCAGACCCCGAATATCGCA
GTGAGCATCCAGCTTCGAGTCAGTAACAGGGTACAG
TCGAGGATCAATGCGCTGGAGACCATGGTGGCTGGC
ATAACGAAGTTCATCGGGAAATTGGCCCACCAATAC
CAAGCAAATACAATCGTGATCCACTTCCCGACGAGG
AGCCCCGTGATGCTCAACGTTGCACCAAACGGTTGC
CTGTAGAACGTCCAGAAGTA.
1.3 HdEabm 5511t
T B8 1) 2% F Microsoft Excel 2016 Fl SPSS

8 HEATH T 43 M. R H.IHE (one-way ANOVA) |
Duncan 354777 22 0 M ZH (@ =0005).
FIH Origin 8. 5 FPFFER. 182 8ot R 1 +

100

PrifE .
2 HRE5HMH

221 AR AT 2R E i E
( Comammox Nitrospira ) = J&

DA ALY H 7 3 A (Comammox Clade A)
4337 B( Comammox Clade B) 3= J& Fijii I &= 1 2% 1k,
TN 1 Frs. i 1 (a), SXFRAM I, NPK
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